WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61K 38/28 



Al 



(11) International Publication Numi>er: WO 98/42367 

(43) International Publication Date: 1 October 1998 (01.10.98) 



(21) International Application Number: PCT/DK98/00107 

(22) International Filing Date: 20 March 1998 (20,03.98) 



(30) Priority Data: 

0318/97 



20 March 1997 (20.03.97) 



DK 



(71) Applicant {for all designated States except US): NOVO 

NORDISK A/S [DK/DK]; Novo AIM, DK-2880 Bagsvacrd 
(DK). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): JENSEN, Steen [DK/DK]; 
Sophus Falclcs A116 34, DK-2791 Drag0r (DK). HANSEN, 
Philip [DK/DK); Skovmindevej 23B, DK-2840 Holte (DK). 

(74) Common Representative: NOVO NORDISK A/S; Corporate 
Patents, Novo A116. DK-2880 Bagsvaerd (DK). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BE, BG, BR, 
BY, CA, CH, ON, CU, CZ, DE. DK, EE, ES, FI, GB, GE, 
GH. GM, GW, HU, ID, IL, IS, JP. KE. KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV. MD, MG, MK, MN. MW, 
MX. NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CP. CO. Q. 
CM, GA, GN. ML, MR, NE, SN, TD, TO). 



Published 

With international search report. 



(54) Titie: METHOD FOR PREPARATION OF A THERAPEUTIC POWDER THROUGH COPRECIPITATION OF INSULIN AND 
ABSORPTION ENHANCER 



(57) Abstract 

A process for the preparation of a therapeutic powder formulation comprising particles composed of insulin or an analogue or 
derivative thereof and an enhancer which enhances the absorption of insulin in the lower respiratory tract is provided. Hie obtainable 
powder formulation of insulin and enhancer has a better stability profile than powders of essentially the same composition prepared by 
spray drying, freezc-drying, vacuum drying and open drying. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets pubUshing intenuuional applications under the PCT. 



AL Albania 

AM Amcnja 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Paso 

BG Bulgaria 

BJ Benfai 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI C6te d'lvoiic 

CM Cameroon 

CN Chins 

CU Cuba 

CZ Czech Republic 

DE Oennany 

DK Denmark 

EE Estonia 



ES 

FI 

PR 

GA 

GB 

GB 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

U 

LK 

LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyigyzstan 

Democratic People*8 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Uberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

FT 

RO 

RU 

SD 

SE 

SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 



Mauritania 
Malawi 
Mexico 
Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian P^eration 
Sudan 
Sweden 
Singapore 



SI Slovenia 

SK Slovakia 

SN Senegal 

SZ Swaziland 

TD Chad 

TG Togo 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT IVinidad and Tobago 

UA Ukraine 

UG Uganda 

US United Slates of America 

UZ Uzbekistan 

VN Viet Nam 

YU Yugoslavia 

ZW Zimbabwe 



wo 98/42367 



PCT/DK98/00107 



METHOD FOR PREPARATION OF A THERAPEUTIC POWDER THROUGH 
COPRECIPITATION OF INSULIN AND ABSORPTION ENHANCER 

Field of the invention 

The present invention relates to a process for the preparation of a therapeutic powder 
formulation comprising particles composed of insulin or an analogue or derivative thereof 
and an enhancer which enhances the absorption of insulin in the lower respiratory tract. 

5 Background of the invention 

Diabetes is a general term for disorders in man having excessive urine excretion as in 
diabetes mellitus and diabetes insipidus. Diabetes mellitus is a metabolic disorder in which 
the ability to utilize glucose is more or less completely lost. About 2 % of all people suffer 
from diabetes. 

10 Since the introduction of insulin in the 1920*s, continuous strides have been made to 
improve the treatment of diabetes mellitus. To help avoid extreme glycaemia levels, 
diabetic patients often practice multiple injection therapy, whereby insulin is administered 
with each meal. 

In the treatment of diabetes mellitus. many varieties of insulin preparations have been 
15 suggested and used, such as regular Insulin. Semilente® insulin isophane insulin, insulin 
zinc suspensions, protamine zinc insulin and Ultralente® insulin. Some of the commercial 
available insulin preparations are characterized by a fast onset of action. Ideally, exoge- 
nous insulin is administered at times and in doses that would yield a plasma profile which 
mimics the plasma profile of endogenous insulin in a normal individual. Insulin prepara- 
20 tions containing analogs of human insulin have shown an absorption profile very close to 
the normal plasma profile, e.g. Lys^^®-Pro^^ human insulin and Asp^^ human insulin. 
However, these new insulin preparations still has to be injected in connection with a meal. 
In order to circumvent injections, administration of insulin via the pulmonary route could be 
an alternative elucidating absorption profiles which mimic the endogenous insulin without 
25 the need to inject the insulin. 

Description of the background art 

Administration of insulin via the pulmonary route can be accomplished by either an 
aqueous solution or a powder preparation. A description of the details can be found in 
several references, one of the latest being by Niven. Crit. Rev. Ther. Dnjg Carrier Sys. 
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231 (1995) One aspect covered in said review is the stability issue of protein 
powder formulations have been described as mainly amorphous. 

. . K »n found that when insulin is combined with an appropriate absorption enhancer 
TX^^ n me Lr respiratory tract in the form of a powder of appropriate 
and s ^-^^-^^J^^ ,,,„3«on by absorption through the layer of 

particle size ^/^^^'^^^^^^^^^^ 33 described in US patent No. 5.506.203. The 

epithelial cells .n the lower ^^sP'-'^t^^^^^^ ^^^^^^ of Insulin at acid 

manufacturing process described n ^^'^ Pf;»^';°^^^^^^^^ ,3,^,Holate before 

TaSn eCnir in a ratio be^.een 9:1 to about 1:1. The powder is charactenzed 
as mainly amorphous detem,ined under a polarized light microscope. 

Description of the invention 



nftfinitions 



I IRTiniUUIIg 

t^Ji <m mi^oscope elucidates bWringenca (o, c^taH-e partdes. 

■ -.„h,nre,- refers to a substance enhancing Ihe absorption of insulin. 

r.raZerrf^.^--o;;^^^^^^ 

Bv o' — r :r :rr .irarr^^rbroZ 

amino adds. i.e. more than 51 amino adds. 

B, -derivative of human insutin" (or similar expressions) as used herein is 

l*rl an^losu. tt^reo. In ^ a. least o,» organic subsUtuen. « bound to one or 

more of the amino acids. 
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In the present context the expression "powder** refers to a collection of essentially dry 
particles, i.e. the moisture content being below about 10 % by weight, preferably below 6 
% by weight, and most preferably below 4 % by weight. 

According to the invention it has surprisingly been found that it is possible to obtain 
S particles composed of both insulin and enhancer despite the fact that enhancers and 
particularly surface active agents normally inhibits precipitation. 

Thus, the present invention relates to a process for the preparation of a therapeutic 
powder formulation comprising particles composed of insulin or an analogue or derivative 
thereof and an enhancer which enhances the absorption of insulin in the lower respiratory 
1 0 tract, comprising the steps of: 

a) providing an acidic aqueous solution comprising insulin or an analogue or derivative 
thereof, an enhancer and optionally zinc; 

b) adjusting the pH value to 4.5 to 7.4, preferably 4.5 to 7. more preferably 4.6 to 6.5, still 
more preferably 5.5 to 6.2, most preferably 5.5 to 6.1; 

15 c) precipitating a product comprising insulin or an analogue or derivative thereof, an 
enhancer and optionally zinc; and 

d) removing the water. 

The process of the invention results in a powder formulation of insulin and enhancer which 
20 elucidates a better stability profile than powders of essentially the same composition 
prepared by spray drying, freeze-drying, vacuum drying and open drying. By this means it 
is possible to store the powder formulations of the present invention at room temperature 
in contrary to human insulin preparations for injections and some amorphous insulin 
powders without stabilizing agent which have to i^e stored between 2^*0 to 8°C. 

25 Furthermore, the obtained powder formulations elucidates better flowing properties than 
corresponding powder formulations disclosed in the prior art. 

The enhancer Is advantageously a surfactant, preferably selected from the group 
consisting of salts of fatty acids, bile salts or phospholipids, more preferably a bile salt. 

Prefen-ed fatty acids salts are salts of C10.14 fatty acids, such as sodium caprate, sodium 
30 laurate and sodium myristate. 



wo 98/42367 



PCT/DK98/00107 



4 



Lysophosphatidylcholine is a preferred phospholipid. 

. are salts of ursodeoxycholate. taurocholate. glycocholate and 

'"ThvdroLda^^^^ S^. preferred are pcder formulations according to the 

rr^r:""- elncer is I sait of taurocholate. preferably sodium tauro^late. 

Asp"" human Insulin or Lys-^Pro" human Insulin. 

^ <.™d derivauves of human Insulin are derivaUves comprising one or more lipophilic 
. r^nTC^red lipoi^lc insusns are aCaW such as .hose desC^d 

° :^^^TeX'^^ insL der^^es wherein .he ^ o. Lys" coniain, 

an acyl substiluent which comprises al leasl 6 carbon atoms. 

^ dertvativ. . mos. preferabW seieCed from .he group consist^ o. B29-N^ 

m^s.o,l*s(B30) human ins^in. B29-N-pa.ml.oyl.des,B30, human - " B29.N^ 
,5 hln KisuHn. Ba9^-palm«o, human insulin. B28.N.m,ris.o„ L^- Pro 

ZanLulH, B28-N-paW.0W Lys-Pro« human insulin. B30^-myns.oyl-Th^Lys" 
hZ B3<.N=-palmi.o,.Th,-U,s". human insulin. B29.NMN-palm oyi. 

:r:iHe.B30, nsu^n. B29.MN.ii...c.iyi..iu«m,,He^B30. hu^^ 

insulin. B29^S<«-carboxyhep«decano,lHes(B30) human .naul,n and B29N (»• 
->0 carboxyheptadeoanoyi) human insulin. 

,„ a preferred embod»nen. *e powder lom,^«on o. »,e presen. inven«on comprises an 

msulin derlvaeve as well as human Insulin or an anaiojiue thereof. 

H^^ver. human insulin is «« mos. preferred insr-in .0 be used in «,e formulalton of «« 

present invention. 

Ze preferably 2 Zn atomsflnsulin h««m.r to 5 Zn atoms/insulin hexamer. 
30 Particular good realms are chained when ^ ^cipl^Bon in step c) iS p«rfom«. by 
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mixing insulin and the enhancer before adding the preferred amount of zinc. Moreover, 
particular good results are obtained when the precipitation in step c) is performed 
essentially without evaporation of the solution. 

Furthermore, step c) is preferably carried out keeping the preparation at rest but essen- 
5 tially the same result is obtained under slight agitation. 

In the process of the invention, the temperature during precipitation is preferably kept in 
the range of 0*^0 to 32°C. preferably 20°C to 32°C. 

The employed molar ratio of insulin to enhancer is preferably 9:1 to 1:9. more preferably 
between 5:1 to 1:5, and still more preferably between 3:1 to 1:3. 

10 The acidic solution of step a) preferably has a pH value in the range of 3.0 - 3.9. 

In a preferred embodiment the solution of step a) contains a phenolic compound, prefera- 
bly in an amount corresponding to at least 3 molecules of a phenolic compound/insulin 
hexamer. The phenolic compound is preferably m-cresol or phenol, or a mixture thereof. 

The process of the invention is preferably carried out so as to obtain a substantially 
15 crystalline product, i.e. a product in which at least 50% by weight, preferably at least 75% 
by weight, more preferably at least 90% by weight, of the particles are crystalline. 

The powder formulations obtained by the process of the present invention may optionally 
be combined with a carrier or excipient generally accepted as suitable for pulmonary 
administration. The purpose of adding a carrier or excipient may be as a bulking agent. 
20 stabilizing agent or an agent improving the flowing properties. 

Suitable carrier agents include 1) carbohydrates, e.g. monosaccharides such as fructose, 
galactose, glucose, sorbose, and the like; 2) disaccharides, such as lactose, trehalose and 
the like; 3) polysaccharides, such as raffinose, maltodextrins, dextrans. and the like; 4) 
alditols, such as mannitol, xylitol. and the like; 5) inorganic salts, such as sodium chloride, 
25 and the like; 6) organic salt, such as sodium citrate, sodium ascorbate, and the like. A 
preferred group of carriers includes trehalose, raffinose. mannitol, sorbitol, xylitol. inositol, 
sucrose, sodium chloride and sodium citrate. 



This invention is further illustrated by the following examples which, however, are not to be 
construed as limiting. 
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EXAMPLE 1 

625 9 mg human insulin was dissolved in water by adding 2N HCI resulting in a pH = 3^ 
3 7 125 ML 4 % Zinc chloride solution was added to the insulin so.ut.on wh e m.x.ng^ 
water was added to 25 mL 1g sodium taurocholate was dissolved .n 10 mL wa er. To 16 
To me insulin solution was then added 4 mL of the taurocholate solut.on wh.le m.x.ng. 
Itrtd 00 mL was finally added while mixing. The preparation w«h the spontar^u^ 
lous Drecipitate was divided in 7 beakers with 10 mL in each. The pH was adjusted 
Z:TTo 5X6.0 6^. 6.5. 7.0 and 7.4 while mixing. After standing at rest for approxi- 
mately 16 hours at 20°C - 25°C. crystals were fom^ed in all prBparatmns. 

An aliquot of each preparation elucidates almost complete crystalline state of the particles 
as drained und'er a polarized light microscope. The size of the individual c..sta.s was 
determined to Ipm - 5pm. 

The supernatant was carefully removed from each of .he preparations and 0,e remaining 
Z ZZ. fracuon was dried by pfacing in a vaouumdryer for approximatety 5 ho.^. 

. The dry insulin powdeis were analyzed by RP-HPLC for the content of human Insulin and 
' ^i^C^^te ^ the rest-ts showed a proportion o. human insi^n and sodium 
taurocholate of 3;1 to 7:1 depending on the actual pH value . 

EXAMPLE II 

626 9 ma human insulin was dissolvad in water by adding 2N HCI resulting in a pH- 3.6- 
,0 fr izes added to 25 mU. 1g sodium tauroct^late was dissoh«d In 10 ml. 

The "si solution was divided in 5 bea.e. with 4 mL 'm each. A 0.4 ^J^^ 
Zl^ was added to the insu«n solution, while mixing in an 

^23 uL 164PL 205ML. 285mL and 410ML. To each of the sdUlons were then added 1 mL 
; tal^^ate ^o^on whl^ mixing. Water ad 25 mL was ^^ ^J^J^^^ 
« L dH was adiusted to 6.1 while mixing. Spontaneously, an amorphous precptote was 
Z^rSo< t^ prepara^ons. After staging at rest for app^ximateh, 16 hou. a. 
20**C - 25**C, crystals were formed in all preparations. 

An aliouot of each p,epa-ation elucidales almost complete crystalline state of the particles 
^it™! Jar a pola.^ llgb. mlc^scope. The si» c, the indivldua, crystals was 
30 determined to 1 M - Sp. 
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The supernatant was carefully removed from each of the preparations and the remaining 
wet crystalline fraction was dried by placing in a vacuumdryer for approximately 5 hours. 

The dry insulin powders were analyzed by RP-HPLC for the content of human insulin and 
sodium taurocholate and the results showed a proportion of human insulin and sodium 
5 taurocholate of 4:1 to 5:1 depending on the content of zinc. 



EXAMPLE III 

625,3 mg human insulin was dissolved in water by adding 2N HCI resulting in a pH= 3.6- 
10 3.7. 125mL 4 % Zinc chloride solution was added to the insulin solution while mixing. 
Water was added to 25 mL. 1 g sodium taurocholate was dissolved in 10 mL water. The 
insulin solution was divided in 4 beakers with 1.6 mL in each. To each of the beakers were 
added 400 pL of taurocholate solution while mixing. A sodium chloride solution (100 
mg/mL) was added while mixing in an increasing amount: 0 pL. 58pL. 116pL and 
15 232pL. Water ad 10 mL was finally added while mixing. The pH was adjusted to 6.1 while 
mixing. An aliquot of each preparation elucidates 50% to 80% crystalline state of the 
particles as determined under a polarized light microscope. The size of the individual 
crystals was determined to 1p - 5p. 

The dry insulin powders were analyzed for the content of human insulin and sodium 
20 taurocholate and the results showed a proportion of human insulin and sodium taurocho- 
late of 3:1 in all the preparations 

EXAMPLE IV 

2.5 g human insulin was dissolved in water by adding 2N HCI resulting in a pH= 3.6 - 3.7. 
500 pL 4 % Zinc chloride solution was added to the insulin solution while mixing. Water 

25 was added to 100 mL. 2.5 g sodium taurocholate was dissolved in 25 mL water. The 
insulin solution was divided in 9 beakers with 8 mL in each. To 3 insulin solutions (group 1) 
were added 2 mL, to the next 3 insulin solutions (group 2) were added 2.25 mL and to the 
last 3 insulin solutions (group 3) were added 2.50 mL of the taurocholate solution while 
mixing. In each of the 3 groups, a sodium chloride solution (100 mg/mL) was added in 

30 increasing amounts: 0 pL, 290 pL and 1160 pL. Water ad SO mL was finally added while 



wo 98/42367 



PCT/DK98/00107 



10 



^- ♦ ^ .n R 1 While mixing. Spontaneously, an amorphous precipi- 
hours a. 20-0 - 25-C. erystate were formed l- all preparalons. 

microscope. The size of ihe individual crystals was determined to 1M - 5p. 
late of 6:1 to 3:1 in the preparations. 
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Claims 

1 . A process for the preparation of a therapeutic powder formulation comprising particles 
composed of insulin or an analogue or derivative thereof and an enhancer which en- 
hances the absorption of insulin In the lower respiratory tract, comprising the steps of: 

5 a) providing an acidic aqueous solution comprising insulin or an analogue or deriva- 

tive thereof, an enhancer and optionally zinc; 

b) adjusting the pH value to 4.5 to 7.4, preferably 4.5 to 7. more preferably 4.5 to 
6.5, still more preferably 5.5 to 6.2, most preferably 5.5 to 6.1; 

c) precipitating a product comprising insulin or an analogue or derivative thereof, an 
1 0 enhancer and optionally zinc; and 

d) removing the water. 



2. A process according to claim 1 wherein the enhancer is a surfactant. 

3. A process according to claim 2 wherein the surfactant is a salt of a fatty acid, a bile 
IS salt or a phospholipid, preferably a bile salt. 

4. A process according to claim 3 wherein the surfactant is a salt of taurocholate, 
preferably sodium taurocholate. 

5. A process according to anyone of the preceding claims wherein the solution of step a) 
contains zinc in an amount corresponding to 2 Zn atoms/insulin hexamer to 12 Zn 

20 atoms/insulin hexamer, preferably 4 Zn atoms/insulin hexamer to 12 Zn atoms/insulin 

hexamer 

6. A process according to claim 5 wherein the solution of step a) contains zinc in an 
amount corresponding to 2 Zn atoms/insulin hexamer to 10 Zn atoms/insulin hex- 
amer, preferably 2 Zn atoms/insulin hexamer to 5 Zn atoms/insulin hexamer. 

25 7. A process according to anyone of the preceding claims wherein the solution of step a) 
has a pH value in the range of 3.0 - 3.9. 

8. A process according to anyone of the preceding claims wherein the solution of step a) 
further comprises a phenolic compourKi, preferably in an amount corresponding to at 
least 3 molecules of a phenolic compound/insulin hexamer. 
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9. A process according to claim 8 wherein the solution of step a) comprises m^resol or 

phenol, or a mixture thereof. 
,0 A pn>ce.. accord^ to -yon. c( .he precede claim, wherein ^ predpHaUon In 

' jtepc) isp.rformedessenllally««houlevapc.raliono(thesoluti«i. 
,1. A process according .0 anyone of me preceding daims wherein «« preclpitatioo in 
step c) Is perfomed under slight agitation. 

12. A process according to anyone of the preceding claims wherein the removal of water 
in step d) is carried out using vacuum evaporation. 

13. A process according to anyone of the preceding claims which further comprises 
miCTonizing the product of step d). 

14 A process according to anyone of the preceding claims, wherein the temperature 
lri"precipita«onisKeptintherangeofOoCto32oC.preferabW^ 

15 A orocess according to anyone of the preceding claims, wherein the molar ratio of 
llTenhLerl 9:1 to 1:9. p^ferably between 5:1 to 1:5. and more preferably 
between 3:1 to 1:3. 

16. A therapeutic powder formulation obtainable by a process according to any one of the 
preceding claims. 

17 A method of traatlng diabetes, comprising administering to a subiect in nwd thereof a 
Ir^r-Mlyof-e^earnountofthepowd^fo^lationaccordln^ 
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D 


00/00/00 




IL 


114152 


D 


00/00/00 




JP 


8169899 


A 


02/07/96 




NO 


952334 


A 


18/12/95 




NZ 


272358 


A 


20/12/96 




PL 


309099 


A 


27/12/95 




US 


5504188 


A 


02/04/96 



WO 


9500151 


Al 


05/01/95 


AU 


7177794 


A 


17/01/95 










US 


5661130 


A 


26/08/97 


WO 


9500550 


Al 


05/01/95 


AU 


6995794 


A 


17/01/95 










EP 


0705275 


A 


10/04/96 










JP 


8511779 


T 


10/12/96 










US 


5547930 


A 


20/08/96 



Form PCr/ISA/210 (patent family annex) (July 1992) 



